PURPOSE AND SCOPE
This document presents standard methods to be used in the calculation of air emissions from unmonitored sources. These calculation methods are used for the evaluation of emissions from unmonitored sources which include Category III point sources, inactive sources, and non-point sources. These calculations are used for determination of the air emissions for compliance with the Savannah River Site Air Emissions Inventory (SRS AEI). The uncontrolled emissions from these calculations shall also be used for input into an EPA-approved computer model. Currently, SRS is using the Clean Air Act Assessment Package-1988 (CAP-88) .
This model assesses the highest off-site dose (effective dose equivalent) to the maximally exposed off-site individual.
The results from the model (in the annual NESHAPS report) are submitted to EPA headquarters and the regional office by June 30 for the previous calendar year in accordance with 40 CFR 61.94(a). The methods outlined here are alternate (rather than measurement) procedures for determining emissions in accordance with 40 CFR 61.93(b)(3). 
DOE ORDER APPLICABILITY

DEFINITIONS
Terms
Activity -Amounts of radioactive material are usually expressed in units of activity, which is the rate of radioactive decay. The commonly used unit is the curie (Ci) which is 3.73 X 1010disintegrations per second (Reference 6. 16).
Air Changes -The number of times the volume in a particular room (the volume of air in the room) is replaced by the ventilation system. Air changes (or air exchanges) are usually expressed on a per hour basis.
Category I -Category I sources are point sources having the potential to cause an annual effective dose equivalent (EDE) to the public of greater than 0.1 rnrem (170 of the [40 CFR 61.92] 10 mrem standard). These sources require continuous emissions monitoring (Reference 6.7). All radionuclides, which could contribute greater than 10% of the potential EDE for a release point shall be, measured (Reference 6.4).
Category II -Category II sources are point sources with the potential to cause an EDE of greater than 0.01 mrerdyr and less than or equal to 0.1 mrem/yr. The Category II sources require continuous proportional sampling or an annual grab sample to confirm that emissions remain below 0.1 mrem (Reference 6.7).
Category 111-Category III point sources may effect an EDE of less than or equal to 0.01 mrendyr and do not require Confinement factor -Per Reference 6.9, the confinement factor (C) takes into consideration whether the material is confined while the worker is present or whether it is handled in the open.
Effective dose equivalent (EDE) -The sum of the products of absorbed dose and appropriate factors to account for differences in biological effectiveness due to the quality of radiation and its distribution in the body of reference man (Reference 6.6).
Half-life -The half-life of a radionuclide is the time required for the activity to decrease to one half of the original (Reference 6.16).
Inactive source -An inactive source is a source in which the process design function is no longer being utilized. An inactive source is in a shutdown mode, typically awaiting decontamination and decommissioning.
An inactive source does not lend itself to evaluation by traditional stack sampling and monitoring techniques (Reference 6.3).
Nearest Receptor -The distance from each emission point to any member of the public at any offsite point where there is a residence, school, business, or office (Reference 6.8).
Non-point sources -Sources without well defined, single exhaust points.
Point Source -A point source is an emission source with a well-defined single exhaust point, such as a stack or vent (Reference 6.3).
Potential Effective Dose Equivalent (PEDE) -The dose to the public from a radionuclide emission source which could be effected if all pollution control equipment did not exist, but operations were otherwise normal (Reference 6.4). The evaluation of SRS sources for PEDE based on 1991 data (with release height and true distance from site boundary included in the model) is contained in Reference 6.5.
Radioactivity -Radioactivity is atomic emissions resulting from natural or artificial nuclear transformation. The energy is emitted in the form of cz,~, or y rays. The physical state or chemical combination of the element does not affect radioactivity. The nature of the energy radiation's, their energy, and the half-life of the process (Reference 6.16) characterizes the radioactivity of a nuclide.
Radionuclide -A radionuclide is an isotopic form of an element (either natural or artificial) that undergoes spontaneous radioactive decay (Reference 6.4).
Release fraction -The fraction of radioactive material likely to be released into the workplace breathing air, as determined by its physical and chemical form (Reference 6.9). For the purposes of this document, it is regarded as the fraction of radioactive material likely to be released to the air (workplace or otherwise) from the unmonitored source.
Resuspension factor -The fractional amount of contamination on one square meter of floor or that will enter one cubic meter of air and presumably be respirable. by any person (over an extended period of time), either outdoors within large contaminated areas, or indoors with smaller contaminated areas. A factor of 10-6 m-1 is used generally as a conservative value for radiation protection purposes. Additional experience pertinent to a specific operation and the judgment of experienced professionals should be considered where available for specific nuclides and types of industrial activity (Reference 6.1 ). Modified NUREG 1400 Method NUREG 1400 (Reference 6.9) provides a method for calculation of emissions where an inventory of radionuclides is available. NUREG 1400 was developed for the determination of potential intake of radionuclides in the workplace. The method is modified here for determination of the emissions of radionuclides. Emissions are estimated based on maximum inventory, in curies (Ci), of material at the source. Potential emissions are determined by adjusting for the physical state of the material and mathematically removing any pollution control equipment. NUREG 1400 does provide a method for determining when personnel air sampling is needed. However, section 1.2 of NUREG 1400 provides methods for determining the amount of material that may be inhaled, which is the concentration of such material in the room air.
Acronyms
First, the maximum inventory (in Ci) for each radionuclide that is available for release must be determined. Per
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Appendix D to Part 61, 2(a), radioactive materials in sealed packages that remain unopened, and have not leaked during the assessment period should not be included in the calculation.
5.1.1
Release Fraction (R) The release fraction (R) is the fraction of the radioactive material likely to be released into the workplace, as determined by its physical and chemical form (Reference 6.9). For the purposes of this document, it is regarded as the fraction of radioactive material, which due to its physical state, is likely to be released to the air (workplace or otherwise)
from the unmonitored source. The release fraction values for physical state adjustment defined in NUREG 1400 are listed below.
. 1 for gases s 10-2 for liquids or particulate solids . 10-3 for solids.
If any nuclide is heated to a temperature of 100 degrees Celsius or more, boils at a temperature of 100 degrees Celsius or less, or is intentionally dispersed into the environment (interpreted as the atmosphere), it must be considered to be a gas (per 40 CFR 61 Appendix D 2(b)).
At sources where the material is in a variety of physical forms (e.g., liquid, solid, gaseous) and the proportions are not known, the physical form providing the highest emissions estimate is assigned to all materials. Where the proportions are known, an appropriate ratio is used to derive the source term (Reference 6.3).
5.1.2
Dispersibility (D) Other factors may be utilized when deemed necessary. Dispersibility may be appropriate to consider for some emission points. Dispersibility comes from adding energy to the system through grinding, milling, boiling, or exothermic chemical reactions. A dispersibility factor (D) of 10 can be applied to the calculation if cutting, grinding, heating, or chemical reactions of materials are performed (Reference 6.9).
5.1.3
Cotilnement Factor (C) Though Reference 6.9 applies a confinement factor, this factor will be neglected, as it will be assumed to be 1 for all releases.
The confinement factor (C) takes into consideration whether the material is confined whi~e the worker is present or whether it is handled in the open. A confinement factor would be one hundredth of the material handled in a glovebox, one tenth of the material handled in a well-ventilated hood, and one for material handled in an open work area (it is a control factor). The method utilizing the confinement factor was derived for intake of radionuclides (Reference 6.9). To modify this method for potential release, the confinement factor is always assumed to be 1. The technically results in all the potential release being available for-personnel intake. However, for emissions purposes, it is assumed that all the potential release being available for release.
Since we often have interest in both uncontrolled and controlled releases, the confinement factor will not be used, and the control factor will be used when calculating controlled releases only as outlined below.
5.1.4
Control Factor 5.1.4.1 If a control device is installed between the place of use and the point of release, the uncontrolled emissions are adjusted by multiplying by a control factor as shown in the following table. The division operation effectively removes any poltution control equipment. Control factors and efficiency are related by the following equation:
where CF is the control factor and eff is the efficiency (expressed as a decimal, not a percentage) of the abatement device to remove the specified contaminants.
5.1.4.3 If the air does not pass through any abatement equipment prior to release to the atmosphere, the control factor is considered to be unity. This means that the uncontrolled and controlled release values are the same.
5.1.4.4 If there is a series of control equipment (i.e., a train) used for the abatement of the source, the overall control factor is obtained by multiplying the appropriate control factors as follows.
CFtot := rI CF. 1 i where CFi gives the individual control factors and CFtot is the overall control factor.
For example, if an abatement train consists of a fabric filter in series with two subsequent HEPA filters, the overall control factor for the train is determined as follows.
CFtot=CFl *CF2*CF3 .
Cftot=o. 1*0.01 *0.01 CFtot=l * 10-5 where CF1, CF2 and CF3 are the fabric filter control factor, the first HEPA control factor, and the second HEPA control factor, respectively.
5.1.4.5 If, however, there is more than one abatement train in parallel, the train, which has the largest (most conservative) control factor, will be used in the calculations. The Brodsky Factor The factor of 10-6 in the above equations (modified from Reference 6.9) is the Brodsky factor (Reference 6. 1). As described in Reference 6.9, a worker is not expected to achieve an intake exceeding 10"6 of the material being handled. This factor is defined as the maximum fractional amount of plant throughput (or inventory) that one employee takes in via inhalation (or ingestion, which is likely to be lower).
The Brodsky factor is based upon tritium, which is a highly volatile material that disperses readily, Experience with tritium, however, is not a valid predictor of the behavior of nonvolatile materials.
Other forms of material are expected to be released in smaller amounts (Reference 6. 12). This explains the need for the introduction of the release fractions as in Section 5.1.1.
The Brodsky factor was set forth as an "order of magnitude" estimation, not as a provable scientific truth. Because there are too many factors which vary unpredictably, Brodsky concluded that the probability of intake cannot be derived from theoretical situations or from experiments alone. The factor was presented as a boundary or a limitation on the inhalation of radioactive material that was rooted in practical experience (Reference 6.12).
To extrapolate the application of the Brodsky factor for use as the maximum fractional amount of throughput (or inventory) that is released into the air, one must recognize the relationship between inhalation and emissions. Per Reference 6.13, the efficiency of inhaling dust particles is about 100% at 1~m, 90% at 10~m, and about 50% for 35pm and larger particles.
Since particles iess than 10 microns are considered to be the respirable fraction and are also those which are most likely to become airborne, the distinction between probability of intake and probability of release becomes insignificant when the efficiency of inhalation is high. This is especially true when employing the Brodsky factor, which is proposed only as an "order of magnitude" factor. Some situations may occur where the actual inventory of radionuclides is not known at the desired time, but a sample was taken at some point in time. From the sample, the emissions can be back calculated for the time of interest by the following equation.
At=Ao"Aloss where AO = initial activity (Ci) Aloss = activity lost between start and end of the time period of interest (Ci) . Af = final activity (the activity (Ci) at the time that the sample was taken).
The activity lost due to atmospheric releases (Arelease), not 'by decay, is given by A reiease = A o * R where R is the release fraction (the fraction of activity which is released). The release fractions used are described in Section 5.1.1 and provide "order of magnitude" estimates of release fraction.
The formula for radioactive decay is as follows. %= radioactive half-life (days).
The activity loss due to radioactive decay is given below.
'decay =AO-Af = AO -AOe-Lt = AO(l-e-kt) where t (in days) is the time between the reference time period. the start and the end of As is shown in the equations above, both radioactive decay and atmospheric releases (e.g., evaporation) lose activity. Some atoms decay and then their daughter products are released to the air while some atoms are released to the air and subsequently decay.
Simply adding the release loss term to the decay loss term to get the total loss term would overestimate losses because the loss of some atoms (those that are both released and decay) would be counted twice. This "double" activity loss is equal to the initial activity multiplied by the probability that an atom would both decay and be released as shown below.
Aloss=AO"R*( l-e-kt)
The double loss activity must be subtracted from the sum of the separate release and decay losses to get the total activity loss as follows.
'%0ss
=Arele~e+AdecaY-Aloss = AOR+AO( l-e-At)-AOR( l-e-xt) Returning to the original formula and substituting gives AO=Af/[e-Lt(l-R)] When Af is known, the activity at some time previously, AO is easily calculated.
Assuming that all releases occur on the first day of the year, the most conservative estimate of the releases for the year can be made. Choosing the first day does not allow for radioactive decay during the year, but assumes that the entire inventory available for loss is released during the year (with no radioactive decay term). This conservative assumption then requires t to be the number of days between the sample date and the beginning of the calendar year of interest. If previous years must be calculated from the same sample data, the time period t is the number of years (expressed in days) the desired release estimate is from the last previously calculated January 1 value.
5.1.8
Specific Activity (SPA) When inventory data is available in mass of each radionuclide rather than curies (Ci), specific activity (SpA) is used to convert the grams of each radionuclide to Ci as shown in the following equation.
Radionuclide Inventory (Ci)= Radionuclide Inventory (g)*SpA(Ci/g) The specific activity of several radionuclides (in Ci per gram) can be found in 10 CFR 20 Appendix B or in Reference 6.10. Specific activity can also be calculated by the following equation based on the half-life (see Table 7 . 1) of the radionuclide (Reference 6.10).
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SpA(Ci/g)= (1.3* 10s)/[(half-life(days)) *(atomic weight (g/mole))]
Often, data is given only in gross alpha and gross betagamma. Because Pu-239 is the alpha emitter with the longest half-life that has been handled at the SRS, gross alpha can be assumed to be represented by Pu-239, which has a specific activity of 6. 13* 10-2 Ci/g. Since Sr-90 is the beta-gamma emitter with the longest half-life, gross-beta gamma emissions are assumed to be represented by Sr-90, which has a specific activity of 141 Ci/g.
Health Protection Air Sampling
Sampling data can be used to estimate the atmospheric release of radionuclides from sources, such as those that were shut down and those that do not have an inventory of radionuclides except for residual contamination. where AC = Air Changes (or Air Exchanges) and Vol = the volume of the facility.
5.2.3
Control Factor The control factor is an approximation of the radionuclide fraction not caught by any abatement equipment (filters, etc.) through which the facility air passes before release to the atmosphere. The control factors used here are the same as those discussed in Section 5.1.4. The application of the control factors when abatement equipment is in series or in parallel is also the same as in Sections 5.1.4.4 and 5.1.4.5. If the air does not pass through any abatement equipment prior to release to the atmosphere, the control factor is considered to be unity. This means that the uncontrolled and controlled release values are the same.
5.2.4
Total Emissions The total uncontrolled and controlled annual air emissions are calculated from the previously discussed factors as follows, uncontrolled release (Ci/yr)= radionuclide concentration(Ci/ft3 )*air flow(ft3/yr) controlled release (Ci/yr) = uncontrolled release(Ci/yr)* control factor 5.3 Smear Data For some sources, such as non-point sources or inactive sources, an inventory of radionuclides except for residual contamination is typically not available. It is not possible to estimate emissions from these installations using the modified NUREG method. This approach is used frequently to estimate the atmospheric release of radionuclides from sources where an inventory could not be readily established but Health Protection smears are possible (Reference 6.3).
5.3.1
Surface Contamination Smear data is an indicator of transferable radionuclide contamination.
When smear samples undergo laboratory analysis and show less than minimum detectable concentrations (less than 10 dpm/100cm2 of gross alpha and less than 80-dpm/100 cm2 of gross beta-gamma), the areas from which the smears are taken are considered "clean". That is, they have no transferable contamination. Accordingly, installations that are smeared and do not show transferable contamination, have no potential to emit and will not require subsequent evaluations unless conditions in the area change (Reference 6.3).
5.3.1.1 Smears analyzed with portable survey instruments provide less sensitive results than laboratory analysis. Depending on the survey instrument and the radiation background i~which the smears are analyzed, the limits of detection for gross beta-gamma contamination may be as high as 10,000 dprrd 100cm2. The use of the measurements from these portable instruments should incorporate the conservative assumption that contamination is present at a level equal to the instrument's detection limit (Reference 6.3). factor is the ratio of the radionuclide concentration in the facility air to the radionuclide concentration on the facility surface (e.g., the faci~ity floor). It is made clear by the following equation that the resuspension factor has units of m-1 (References 6.1 and 6.11).~m .l~= (airborne radionuclides/ ms ) (surface radionuclidesl m2 ) where RF = Resuspension Factor. The resuspension factor is typically assumed to be 10-6(Reference 6. 1). Control Factor The control factor is an approximation of the radionuclide fraction not caught by any abatement equipment (filters, etc. ) through which the facility air passes before release to the atmosphere. The control factors used here are the same as those discussed in Section 5.1.4. The application of the control factors when abatement equipment is in series or in parallel is also the same as in Sections 5.1.4.4 and 5.1.4.5. If the air does not pass through any abatement equipment prior to release to the atmosphere, the control factor is considered to be unity. This means that the uncontrolled and controlled release values are the same.
5.3.5
Total Emissions The total uncontrolled and controlled air emissions are calculated from the previously discussed factors (or components) as follows. 5.5 Dose .Calculations The unabated source terms are converted to unabated EDE using SRS-specific radionuclide dose-release factors (rnrem EDE per curie emitted) generated by the EPA computer code CAP-88.
The dose factors are dependent upon the specific radionuclides present, the distance of the emission point from the site boundary, and the distance above the
